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Preface 

The  increasing  sophisication  of  defensive  weapons  during 
the  latter  part  of  the  !960's  resulted  in  reduced  effectiveness 
of  direct  action  by  manned  aircraft.  During  this  period,  the 
success  of  short  range  guided  weapons,  such  as  laser  guided 
bombs,  anti-radiation  missiles  and  otner  homing  or  guided  wea- 
pons has  been  well  documented.  Recent  developments  in  defensive 
systems  have  increased  the  need  for  advanced  stand-off  weapons 
and  for  remotely-piloted  reconnaissance  and  decoy  vehicles. 

Because  of  the  high  cost  of  small  jet  engines,  these  remotely- 
piloted  vehicles  have  been  relatively  expensive. 

The  purple*  of  this  study  was  to  evaluate  one  alternative 
to  the  current  high  cost  engine.  This  alternative  was  a pro- 
posal by  the  AF  Aero  Propulsion  Laboratory  to  examine  the  suit- 
ability of  using  reciprocating  engine  turbo-superchargers  as 
expendable  small  turbojet  engines. 

Specifically,  this  study  covers  the  major  component  required 
for  such  a conversion,  the  combustor  and  its  associated  hard- 
ware. 

I wish  to  thank  Dr.  William  Elrod  for  the  direction  and 
support  given  to  me  in  his  capacity  as  my  thesis  advisor.  I 
would  also  like  to  thank  Mr.  David  Wilkinson  from  the  Aero-Pro- 
pulsion Laboratory,  Mr.  Millard  Wolfe  and  the  personnel  of  the 
AFIT  Shop,  Mr.  William  Baker,  Mr.  John  Parks,  and  Mr.  John  Flahlve 
for  invaluable  assistance  and  advice. 

Raymond  L,  Greene 
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Abstract 

The  development  of  two  experimental  burners  was  completed 
as  a part  of  a project  to  evaluate  the  suitability  of  the  use 
of  converted  reciprocating  engine  turbochargers  as  expendable 
jet  engines  for  remotely  piloted  vehicles.  Analysis  of  the 
variables  affecting  the  turbocharger  engine  indicated  that  a 
10  percent  variation  in  pressure  loss  in  the  burner  would  have 
a negliKLe  effect  on  the  thrust  produced.  A 10  percent  varia- 
tion in  temperature  at  the  burner  exit  was  a significant  factor. 

Considering  the  analytic  results,  it  was  decided  to  con- 
struct two  burners,  both  reverse  flow  to  reduce  the  size  of 
the  overall  machine.  Burner  "A"  was  designed  for  an  air  capa- 
city of  up  to  0.75  lbm/sec  with  the  exit  leading  directly  into 
the  turbine.  The  airflow  through  the  inlet  of  the  burner  entered 
the  annular  plenum  in  a direction  perpendicular  to  the  burner 
axis.  Total  pressure  losses  in  this  burner  were  measured  at 
1 percent  for  cold  flow  and  3 percent  for  hot  flow. 

Burner  "B"  was  designed  increasing  the  velocity  through 
the  liner  air  holes  and  reducing  the  velocity  in  the  combustion 
region.  Because  of  these  changes,  pressure  loss  was  increased 
to  8 percent.  The  air  inlet  was  also  changed  to  inject  the 
air  tangentially  in  order  to  introduce  swirl  into  the  burning 
region.  The  swirl  created  a more  even  exit  temperature.  This 
burner  produced  satisfactory  results  on  the  test  rig  and  was 
further  tested  on  the  turbochargers. 
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Teats  on  the  turbochargers  resulted  in  pulsating  and  inter- 
mlttant  operation.  Fuel  nozzles  with  batter  atomization  corrected 
this  condition  and  allowed  smooth  operation  of  the  machines 
with  various  turbine  nozzler. 

Final  experimental  results  Indicated  the  following  factors 
had  the  greatest  effect  on  the  turboc harg^r- eng ine  performance. 

In  order  of  decreasing  Importance,  these  factors  are  (l)  bur- 
ner instability  caused  Toy  burner/ turbocharger  interaction  such 
as  downstream  torching  of  unturned  fuel  etc.,  (2)  burner  masu- 
flow  limits  which  appeared  to  be  lower  than  the  turbocharger 
maximum  flow,  and  (3)  the  airflow  conditions  in  the  burner 
plenum. 
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COMBUSTOR  DESIGN  FOR 
LON-COST 

EXTENDABLE  TURBOJETS 
I.  Introduction 

The  Increasing  sophistication  of  anti-aircraft  defensive 
ays  tenia  in  recent  years  has  created  a need  for  expendable,  low- 
cost  vehicles  to  peirform  a variety  of  missions.  The  high  cr-st 
of  the  current  small  jet  engines  has  prevented  the  development 
of  a true  low-cost  vehicle.  A jet  engine  built  with  a turbochar- 
ger is  a possible  solution  to  the  problem  of  high  engine  cost. 

This  study  examines  the  combustor,  a major  component  required 
for  the  development  of  low-cost  engines.  Concurrently,  a study 
examining  turbocharger  performance  was  conducted  by  Capt.  Tommy 
J.  Kent  (Ref.  5). 

Background  Information 

The  USAF  has  established  a requirement  for  remotely-pilot- 
ed vehicles  (RFV's)  to  perform  a variety  of  missions.  These 
missions  Include  tactical  recoruiaisance , electronic  jamming 
and  Interrogation,  ordnance  delivery,  decoy  and  target  missions. 
Current  engines  which  are  available  to  meet  these  mission  require- 
ments are  limited  to  small  reciprocating  engines  and  a few  small 
turbojets  which  cost  approximately  $85  / lb  thrust  (Ref.  7). 

This  limitation  in  powerplants  has  restricted  the  slues  of  RFV's 
and  made  the  jet-powered  versions  relatively  expensive.  In 
ordor  to  reduce  the  povrerplsnt  limitation,  the  AF  Aero  Propulsion 
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Laboratory  Is  exploring  alternative  systems.  A proposal  for 
one  of  these  systems  is  to  convert  an  ordinary  supercharger 
into  a small  turbojet  engine  by  adding  a combustor,  inlet  and 
nozzle.  Superchargers  are  available  in  a wide  range  of  sizes 
for  approximately  $500  each.  The  performance  required  fox  this 
application  is  100  lb.  static  thrust  and  a one  time  operation 
for  30  minutes. 

Objectives  and  Criteria 

The  purpose  of  this  study  is  to  design  and  test  two  com- 
bustion chambers  for  use  in  examining  the  feasibility  of  using 
converted  turbochargers  as  low-cost  expendable  jet  engines. 
Further,  it  is  desired  to  identify  and  define  burner  charac- 
teristics which  have  the  greatest  effect  on  turbocharger  per- 
formance. Suitable  burner  operation  is  considered  to  exist 
when  continuous  burning  throughout  the  required  range  of  turbo - 
charger  operation  is  achieved  with  no  hot  spots  of  sufficient 
intensity  to  cause  physical  c'amage  to  the  machinery.  For  this 
study,  no  attempt  was  made  to  reduce  weight.  Figures  1 and  2 
on  the  following  pages  show  both  turbochargers  with  the  respec- 
tive burners  attached.  The  burner  liners  are  shown  with  each 
machine. 

Scope 

The  Immediate  problem  was  to  provide  a preliminary  com- 
bustor with  which  testing  of  the  turbocharger  could  begin. 

It  was  decided  to  design  two  combustors,  a boiler  plate  model. 
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Burner  "A”,  which  could  be  used  for  immediate  testing  of  the 
first  engine  (#Jl)  to  be  built  using  the  Rajay  turbocharger, 
and  a more  refined  Burner  ”B"  as  a follow-on  to  be  used  on  en- 
gine J2  to  be  built  with  the  larger  AtResenxch  turbocharger. 
Only  minor  modifications  were  to  be  made  to  Burner  "A"  while 
major  changes  were  to  be  incorporated,  as  necessary,  into  Bur- 
ner ”B". 
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II.  Description  of  the  Combustor  Designs 

Two  complete  combustors  were  designed.  Burnt'i'  "A"  for  the 
smaller  Rajay  turbocharger  (mass  flow  to  .7.5  ibm/sec)  and  Bur- 
ner "B"  for  the  AiResearch  turbocharger  (mass  flow  to  1.5  lbm/sec). 
Each  burner  consisted  of  am  outer  shell  forming  a reverse  flow 
plenum,  a burner  liner,  adaptors  at  the  Inlet  and  exit  to  con- 
nect to  the  turbocharger,  igniters  and  the  fuel  spray  nozzles. 
Burner  "A” 

The  outer  shell  of  3umer  "A"  was  constructed  from  steel 
pipe  with  a 3 • 5-inch  Inside  diameter  and  a 13-inch  length. 

The  annular  area  around  vhe  liner  was  constructed  equal  to  the 
cross-sectional  area  of  the  liner.  The  total  air  flow  area 
through  the  liner  from  tne  annular  araa  was  three  times  the 
cross-sectional  area  of  the  liner  In  order  to  minimize  pre.  sure 
losses  (See  Appendix  B).  Air  distribution  was  designed  for 
20#  at  the  front  of  the  liner  for  fuel  atomization,  15$  imme- 
diately behind  the  ignitors  to  complete  stoichiometric  condi- 
tions and  65$  evenly  distributed  along  the  remaining  liner  length 
for  cooling.  The  liner  was  made  of  321  stainless  steel  and 
was  2.375  inches  across  the  inside  diameter.  A swirler  collar 
was  located  at  the  front  of  the  liner.  An  adaptor  and  instru- 
mentation collar,  located  at  the  end  of  the  burner,  served  as 
a heat  expansion  joint.  Figure  3 shows  the  general  dimensions. 
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Burner  "B” 

The  outer  shell  of  Burner  "B"  was  constructed  with  stain- 
lees  steel  sheet  l/l6  inch  thick.  The  forward  dome,  liner  and 
ignitor  were  standard  fittings  from  an  MA-1A  Jet  Aircraft  Start- 
ing Unit  (JASU).  An  RA-1A  liner  was  adapted  for  use  in  this 
burner  because  experimental  results  indicated  th.-t  the  velocity 
in  Burner  "A"  was  too  high.  Calculations  showed  the  velocity 
in  the  stoichiometric  section  of  Burner  "B"  to  be  approximately 
30  ft/sec  compared  to  50  ft/sec  in  Burner  "A”.  Inlet  air  flow 
was  directed  tangentially  into  the  plenum.  Overall  length  ex- 
cluding the  burner  to  turbine  adaptor  was  14  inches  and  over- 
all diameter  was  inches.  Figure  4 shews  the  general  dimen- 
sions. 


For  Burner  "A"  the  ignitor  electrodes  were  constructed 
of  stairless  steel  and  set  opposite  each  other  with  a .25  inch 
gap  between  them  centered  inside  the  liner.  Automotive  spark- 
plugs were  also  used  and  proved  satisfactory  although  starting 
was  slower.  An  aircraft  ignitor  plug  was  used  on  Burner  ”B" . 

Fuel  HozEle3 

Oil  furnace  fuel  nozzles,  made  by  the  Delavan  Company, 

Dos  Moines,  Iowa,  were  used  in  both  combustors. 

The  fuel  nozzles  used  had  a solid  cone  spray  at  an  80  de- 
gree angle  of  spray  and  were  rated  at  4 gal/hr,  6 gal/hr,  8 gal /hr 
and  14  gal/hx.  Fuel  was  delivered  to  the  nozzles  at  pressures 
between  20  psi  and  150  psi.  The  minimum  pressure  for  atomiza- 
tion of  the  fuel  was  15  - 20  pel.  The  nozzle  location  was 
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III.  Burner  Test  Apparatus 

The  Air  Supply 

A diagram  of  ths  experimental  apparatus  showing  Burner  "A", 
the  plenum  chamber,  the  orifice  and  ducting  is  presented  in 
Figure  6A . The  ducting  is  a standard  3-inch  pipe  which  was 
connected  to  an  MA-1A  TASU  by  a 3-inch  flexible  hose.  Air 
leaving  the  plenum  was  delivered  by  a 2-inch  pipe  with  a 90  de- 
gree elbow  to  simulate  the  installation  on  the  turbocharger. 

The  air  supply  was  controlled  by  a 3-lnch  gate  valve  located 
24  diameters  upstream  from  the  orifice.  The  air  supply  sys- 
tem was  identical  for  the  Burner  "B"  tests  except  that  the 
2-inch  section  after  the  plenum  was  replaced  with  a 3-lnch 
section. 

The  Fuel  System 

A diagram  of  the  fuel  system  is  shown  in  Figure  6B.  The 
fuel  system  consisted  of  an  80  gallon  tank,  a fuel  filter  and 
shut-off  valve,  a solenoid  shut-off  valve,  a manual  needle  valve, 
and  a flow  meter.  The  system  was  pressurized  to  200  psi  using 
high  pressure  nitrogen. 

The  Ignition  System 

The  ignition  system  cor.sisteu  of  ?.  10,000  volt  transfor- 
mer, a Variac  transformer,  a remote  switch,  an  appara+us  switch 
and  the  electrodes.  The  Variac  was  used  to  reduce  voltage  in 
order  to  slow  down  the  rate  of  breakdown  in  the  insulators  on 
the  locally  constructed  ignitors.  Commercial  sparkplugs  did 
not  require  any  special  care. 
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Instrumentation 

Instrumentation  was  located  at  stations  2,  3»  4,  5»  and  6 
as  shown  in  Figure  6k.  The  following  table  lists  the  location 
and  type  of  instrumentation  at  each  station. 

Table  1 

Instrumentation 


Station 

2 

3 

4 

5 

6 


Thermo- 

Couples 

0 

1 

0 

0 

1 


Static 

Pressure 

2 

0 

3 

2 

3 


Total 

Pressure 

0 

1 

0 

0 

1 


A 1.8  Inch  diameter  square-edged  orifice  was  installed 
at  station  2 for  metering  the  air  flow.  The  thermocouple  at 
station  6 was  moveable  and  was  used  to  obtain  the  burner  exit 
temperature  profile.  This  thermocouple  was  made  of  unshielded 
chromel-alumel  wire;  the  one  at  station  3 was  shielded  iron- 
constantan.  Pressure  measurements  were  read  on  5 U-tube  mer- 
cury manometers,  2 precision  pressure  gauges  calibrated  In  "Hg, 
and  3 pressure  gauges  reading  in  psi.  Temperatures  were  recorded 
on  3 Honeywell  temperature  recorders. 
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IV.  Analytic  Development  and  Results 

The  design  of  the  combustors  was  constrained  by  three  gen- 
eral  factors,  the  physical  size  of  the  turbochargers,  the  results 
of  the  cycle  analysis  from  the  "Design  Point  Turbine  Engine  Per- 
formance Program”  (Ref.  10),  and  the  burner  areas  required  by 
the  estimated  mass  flow.  Because  of  the  short  distance  between 
the  compressor  exit  and  the  turbine  inlet  on  the  turbochargers, 
the  combustors  were  designed  for  reverse  flow.  Reverse  flow 
allows  a more  compact  package  and  reduces  duct  lengths. 

The  cycle  analysis  showed  that  the  temperature  at  the  bur- 
ner exit  has  a significant  effect  on  engine  performance,  while 
pressure  loss  in  the  burner  has  a lessor  effect.  Figure  7 shows 
the  effects  of  temperature  and  pressure  loss  variations  on  thrust 
for  each  turbocharger. 

Calculations  for  determining  the  required  areas  to  maintain 
appropriate  velocities  in  the  various  burner  sections  were  based 
on  values  obtained  by  using  weight  flow  function  (Kef.  3) 

r wYtTr~ 

•iM)  (D  A ;i) 

Table  2 lists  the  calculated  velocities  in  each  section  of  Bur- 
ner "A"  for  a flow  rate  of  0.75  Ibm/sec.  Area  calculations  for 
primary  and  secondary  air  flow  were  based  on  one  dimensional  flow 
and  on  chart  values  (Ref.  4)  for  minimum  pressure  loss  and  good 
fuel  atomization.  Appendix  B describes  the  details  of  the  calculations. 
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Burner  "B"  was  designed  in  a similar  manner  for  a flow 
rate  of  1.5  Iba/sec  except  for  parameters  fixed  by  the  MA-1A 
liner.  The  inlet  air  was  injected  tangentially  in  the  burner 
plenum  to  create  more  uniform  flow  conditions  and  eliminate 
stagnation  regions  which  occurred  in  the  plenum  of  Burner  "A” 
Table  3 lists  the  calculated  velocities  in  the  different  sec- 
tions of  Burner  l'B". 


Table  2 Burner 

"A"  Velocities  ® a 

=0.75  Ibm/sec 

Station 

Mach 

Velocity 

Inlet  section 

C.17 

214  fps 

Plenum  mid-point 

0.03 

38  fps 

Stoichiometric 

section 

0.04 

50  fps 

Burner  exit 

0.25 

546  fps 

Adaptor  exit 

0.25 

546  fps 

Table  3 Burner 

"B"  Velocities  ® A 

■1.5  ltm/sec 

Station 

Mach 

Velocity 

Inlet  section 

0.10 

126  fps 

Plenum  mid-point 

0.06 

76  fpe 

Stoichiometric 

section 

0.02 

27  fps 

Burner  exit 

0.15 

340  fps 

Adaptor  exit 

0.15 

322  fps 
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V.  Burner  Test  Stand  Development  and  Results 

Development  of  the  burner  on  the  tost  stand  was  controlled 
by  two  requirements.  First,  modifications  were  made  to  achieve 
satisfactory  burner  operation  and  second,  measurements  were  made 
to  determine  the  average  exit  temperature.  This  temperature 
was  required  for  later  analysis  of  the  complete  engine. 

Burner  Modifications 

During  testing  of  Burner  "A"  with  the  exhaust  open  to  at- 
mospheric pressure , burning  was  observed  in  the  lower  half  of 
the  plenum  between  the  inlet  and  the  ignitor  (see  Figure  8 
below).  A hot  spot  developed  in  this  part  of  the  combustor 
both  on  the  plenum  shell  and  on  the  liner,  of  sufficient  inten- 
sity to  melt  down  one  ignitor  and  warp  the  liner. 


To  correct  thw  hot  spot  problem,  the  ignitors  wore  moved 
forward  and  a deflector  vane  was  Installed  in  the  inlet  as  shown 
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in  Figure  9.  This  modification  cooled  the  hot  spot  enough  that 
the  liner  no  longer  became  red  hot.  Satisfactory  operation  was 
achieved  over  the  expected  range  of  the  turbocharger  for  engine 


J-l. 


0000 

ooooo\ 

OvO  000s 


25^  of  inlet  air 


Deflector  Vane 
Fig.  9 Deflector  Vane 


Determination  of  Average  Exit  Temperature 

The  average  exit  temperature  of  the  burner  was  determined 
by  integration  of  the  measured  temperature  profiles  across  the 
burner  exit.  These  surveys  were  accomplished  using  an  unshielded 
chromel-alumel  thermocouple.  The  burner  exit  was  open  to  at- 
mospheric pressure. 

Burner  "A" 

Burner  "A"  shows  a large  gradient  across  the  exit  with  the 
highest  temperatures  concentrated  on  the  inlet  side  of  the  com- 
bustor. Figure  10  shows  the  results  of  this  survey. 
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Isotherms 


Diametral  Position 


Fig.  10  - Temperature  Profile  Burner  "A" 

Attempts  to  reduce  the  exit  temperature  gradient  by  induc- 
ing swirl  In  the  plenum,  adding  a swirler  at  the  fuel  nozzle, 
and  altering  secondary  airflow  near  the  burner  exit  were  unsuc- 
cessful. Integration  of  the  temperature  profile,  however,  re- 
sulted In  an  average  temperature  which  was  87  percent  of  the 
peak  temperature. 

The  temperature  survey  in  the  flow  channel  of  the  turbine 
bousing  was  conducted  by  sovlng  the  temperature  axially  across 
the  channel  at  the  points  shown  in  Figure  11.  Froa  Point  2 to 
Faint  4,  the  temperature  was  constant  across  the  channel  and 
saa  approximately  equal  to  the  integrated  value  for  the  average 
burner  exit  temperature.  Because  the  turbine  wheel  was  removed, 
the  temperatures  at  Points  5 through  8 were  not  considered  ac- 
curate due  to  the  flow  exiting  through  the  turbine  exhaust. 
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The  temperature  profiles  at  each  point  did  remain  flat,  however, 
indicating  that  turbulent  mixing  in  the  turbine  housing  tended 
to  eliminate  uneven  temperature  distributions  from  the  burner 


exit. 


?max«1420  F. 


Point 


Temperature 


1230° 


I—  3 


1280° 

1240° 


1050° 

1060° 


Fig.  11  - Tempera tvire  Profile  in  the  Turbine  Housing 


A confirmation  of  the  average  temperature  value  was  attempted 
by  hot  and  cold  flow  comparisons.  Using  Hquation  1,  the  rela- 
tionship between  mass  flow  at  the  burner  exit  is 


RmiF?2  _ f?2 

Tt  W2  Tt  W2 

*—  — Cold  — — Hot 

assuming  lE.  Is  the  same  in  the  two  cases.  Choked  flow  was 

A 

established  by  using  a baffle  plate  across  the  burner  exit  and 
maintaining  the  combustion  chamber  pressure  between  2.8  and 
3.3  atmospheres . Using  Y - 1.4  cold  and  1.32  hot,  the  value 
for  the  function  of  Mach  number  (Ref.  3)  was 


F^>c=?e>& 


MM) 
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Therefore,  the  equation 


T Exit  “ T ( Wcold 

(Hot)  (Col^W(Hot) 


BaJaZ^f 

Pt(=oj3.88i 


(3) 


was  solved  for  average  exit  temperature. 

Exit  temperatures  obtained  by  this  method  ranged  from  80 
percent  to  100  percent  of  the  measured  peak  temperature.  This 
method  wa3  Inconclusive  because  the  squaring  of  errors  in  mass 
flow  and  pressure  measurements  could  induce  errors  up  to  20  per- 
cent in  the  calculated  exit  temperature. 

Burner  "B" 

In  view  of  the  experience  with  Burner  "A”,  Burner  "B"  was 
designed  with  a tangential  air  inlet  to  provide  swirl  of  suffi- 
cient strength  to  develop  more  uniform  conditions  in  the  plenum. 
Teat  stand  results  showed  no  hot  spots  and  a more  even  tempera- 
ture profile.  Maximum  temperature  was  recorded  on  the  burner 
centerline  and  showed  a temperature  variation  of  300  F.  from 
the  liner  wall  to  the  center.  Testing  on  the  turbocharger , 
however,  resulted  in  unstable  operation  oven  though  the  burner 
alone  was  stable.  During  further  testing,  it  was  discovered 
that  unburned  gases  reaching  the  tailpipe  were  afterburning 
intermittently.  These  Intermitt ant  pulses  were  transmitted 
throughout  the  engine  and  caused  severe  surging.  Better  atom- 
isation of  the  fuel  was  effective  in  eliminating  +hls  problem. 
Hie  furnace  nozzle  was  replaced  with  a hollow  cone  MA-1A  nozzle 
which  began  proper  spray  patterne  at  10  psi  above  combustion 
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ciiambftr  pressure  and  developed  a finer  spray. 
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VI.  Burner  Development  and  Results  on  the  Engine 

Both  turbocharger  engines  were  run  using  their  respective 
combustors.  Results  obtained  fit  into  two  categories}  those 
having  a direct  effect  on  engine  thrust  and  performance,  and 
those  affecting  the  burner  alone. 

Engine  Performance 

The  small  engine  (J-l)  operated  successfully  over  a wide 
range  of  temperatures  and  pressures.  Burner  stability  on  the 
engine  was  good  and  no  significant  problems  were  observed. 

Thrust  measurements  were  not  obtained  due  to  bearing  failure 
in  the  turbocharger. 

The  larger  turbocharger  operated  successfully  with  two 
different  turbine  housings,  and  achieved  a thrust  of  53  pounds 
and  55  pounds  (See  Ref.  5 lor  detailed  engine  performance). 

Surging  and  instabilities  prevented  operation  on  three 
other  turbine  housings.  Stability  of  the  burner  on  the  com- 
bustor  test  stand  did  not  insure  stability  of  the  burner/ turbo- 
charger combination.  A significant  factor  adversely  affecting 
stability  with  engine  operation  was  the  presence  of  un burned 
fual  downstream  of  the  burner  exit.  This  un burned  fuel  caused 
intermittent  afterburning  which  in  turn  caused  turbocharger 
surging. 

Intermittent  afterturning  and  burning  in  the  turbine  occurred 
with  even  small  amounts  of  un burned  fuel  present.  The  burning 
in  the  turbine  caused  significantly  increased  turbine  temperatures . 
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These  temperatures  were  not  measured , but  were  judged  qualita- 
tively by  visual  observation.  The  turbine  wheel  operated  with- 
out any  apparent  redness  when  downstream  fuel  was  absent,  but 
was  bright  red  when  burning  occurred  in  the  turbine  housing. 
Vith  this  afterburning,  the  turbine  exit  temperature  exceeded 
1600  F.  which  was  considered  unacceptable  for  this  investiga- 
tion. 

Non-uniform  temperature  distribution  from  the  burner  was 
reduced  by  turbulent  mixing  of  the  flow  in  the  inlet  duct  of 
the  turbine  housing.  The  flow  mixing  of  the  turbine  housing 
created  relatively  uniform  temperatures  at  the  turbine  as  shown 
in  Figure  11.  Average  turbine  entry  temperature  can  be  read 
directly  by  locating  a probe  at  the  end  of  the  inlet  duct 
(Point  3 in  Fig.  11). 

Burner  Performance 

Self-sustaining  combustion  in  Burner  "A"  was  not  possible 
without  the  plenum  burning  outside  the  liner  and  the  associated 
liner  hot  spots  (See  Fig.  8).  Velocity  in  the  combustion  sec- 
tion of  Burner  "A",  up  to  $0  ft/sec,  was  too  high.  Sustained 
combustion  was  probably  achieved  because  the  liner  acted  as  a 
hot  surface  re-ignition  source  (Ref.  9)*  The  hot  surface  was 
the  result  of  burning  outside  the  liner  which  was  caused  by 
recirculation  from  the  Inside  of  the  liner  back  to  the  plenum. 

Burner  "A"  had  too  low  a velocity  through  the  liner  side 
holes.  The  turbulent  velocity  components  inside  the  liner  ex- 
ceeded the  inflow  velocity  causing  back  flow  from  the  liner 
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region  to  the  plenum.  This  problem  was  caused  by  too  small  a 
pressure  differential  across  the  liner,  a condition  shown  by 
the  burner  pressure  loss  measurements.  Burner  "A"  had  only 
a 1 percent  pressure  loss  through  the  entire  burner  during  cold 
flow  measurements. 

With  increased  blockage  to  increase  the  pressure  drop  across 
the  liner,  sustained  combustion  was  precluded.  With  the  flow 
blockage  in  place,  varying  the  mass  flow  did  not  produce  a 
stable  operating  point.  Low  mass  flow  resulted  in  the  flame 
advancing  upstream  and  "over-rich"  flame-cut  occurring.  In- 
creasing the  mass  flow  resulted  in  "lean"  flame-out.  Because 
no  constant  velocity  section  existed,  the  flame  front  was  al- 
ways unstable  and  tended  to  move  either  upstream  or  downstream. 

As  the  flame  front  moved  upstream,  the  velocity  of  the  air  flow 
decreased  allowing  the  flame  to  move  farther  upstream  into  an 
overly  rich  region;  as  the  flame  moved  downstream,  the  velo- 
city of  the  air  increased  causing  the  flame  to  move  farther 
downstream  Into  an  overly  lean  region. 
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VII.  Conclusions  and  Recommendations 

The  concept  of  converting  a t us  lx  charger  into  a low-cost 
jet  engine  was  demonstrated.  Specific  conclusions  relating 
the  particular  equipment  used  in  this  study  are  listed  below. 

(1) .  Two  combustors  were  designed  and  constructed  which 
performed  successfully  on  their  respective  engines.  En- 
gine J-2  achieved  a maximum  thrust  of  55  pounds. 

(2) .  Furnace  nozzles  were  unsatisfactory  for  operation 
of  Burner  "B"  due  to  poor  atomization. 

(3) .  Turbulent  mixing  In  the  turbine  housing  tended  to 
eliminate  uneven  burner  exit  temperatures . 

(4) .  TJnbumed  fuel  leaving  the  combustor  caused  stability 
problems  and  turbine  temperature  problems. 

Recommendat ions 

In  order*  to  extend  the  operating  range  of  the  present  con- 
figuration or  develop  a more  advanced  combustor,  a further  in- 
vestigation of  the  stability  problem  is  necessary.  The  following 
studios  would  be  valuable. 

(1)  , A study  to  isolate  burner  instabilities  from  turbo- 
charger instabilities.  This  study  can  use  the  present  experi- 
mental apparatus  by  using  the  MA-1A  JASU  to  drive  the  burner 
and  turbine.  The  engine  compressor  air  can  then  be  discharged 
against  a back  pressure  allowing  individual  measurements  of 
turbine  and  compressor  effects. 

(2) .  A study  to  determine  velocity  profiles  within  the 
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combustor  both  upstream  and  downstream,  required,  for  stable 
operation . 

(3) .  A study  extending  the  operating  range  of  the  present 
J-2  engine  configuration  by  fine-tuning  measures,  such  au  har- 
dening up  the  fuel  system,  fuel  pre-heat,  and  other  alterations 
to  improve  combustor  efficiency. 

(4) .  A study  to  examine  operating  characteristics  of  the 
J-l  engine.  Experimental  equipment  is  available  to  complete 
this  project  except  for  the  engine  exhaust  nozzles. 
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Development  of  Orifice  Curves t (Ref . 2) 
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Fig.  12  Orifice  Calibration  Curve 
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Appendix  B 

Combustor  Air  Flow  Calculations 
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Areas 

Calculations  for  determining  the  required  areas  within 
the  combustor  were  made  using  the  weight  flow  function  with 
an  assigned  Mach  number.  For  calculation  of  the  required  Kach 
the  following  values  were  used 

k=/j  j 
tt-ts 

Tt  - 660  R j Tr  - 2160 R 

M u/VYRT 

Using  the  weight  flow  function 

r - WVRTt 

™ " pT  A 

and  assuming  equal  distribution  of  mass  flow  throughout  the  bur- 
ner, areas  were  calculated  for  the  inlet,  plenum  and  liner  cross- 
section. 

Primary  and  secondary  air  holes  were  selected  for  20^  at 
the  front  of  the  liner  for  fuel  atomization,  iy%  to  complete 
the  stoichiometric  section  and  67%  evenly  distributed  for  cooling 
(Ref.  8),  The  total  area  for  primary  and  secondary  air  was 
selected  from  chart  values  (Ref.  4)  to  minimize  total  pressure 
loss.  The  Manured  pressure  loss  in  Burner  "A**  was  3 percent 
and  in  Burner  "B"  it  was  8 percent. 
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Appendix  C 

Reaultb  of  Cycle  Analysis 
using 

"Design  Point  Turbine  Engine  Performance  Program" 
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OPB 

X 

• OFOQ 

ETA9  * 

.9000  0 

P41 

X 

2.660 

T 41  x 

2159.99 

P5 

X 

1.2.90 

T5  x 

1938.74 

PRTK 

X 

2.0616 

ETATH  x 

.65000 

P51 

X 

1.290 

T51  x 

1933.7U 

P55 

X 

1.290 

T 55  a 

1935.74 

PRU 

X 

• 9998 

ETATJ.  a 

1.00C3C 

P56 

X 

1.290 

T 58  x 

1938.74 

P6 

X 

1.290 

T 6 * 

1938. 7 A 

P7 

X 

1.290 

T7  x 

1938.74 

PB 

s 

1.290 

T 8 x 

1938.74 

V9 

« 1285.76 

TS9  x 

1822.98 

P24 

X 

0.000 

T 24  x 

' 0.0  0 

P 26 

X 

0.000 

T 26  x 

0.00 

PET 

X 

0.000 

T 27 

0.00 

P2C 

X 

0.000 

T 28  x 

3.00 

¥29 

X 

0.00 

TSZ9  x 

0.00 

TAR41 

X 

.02302 

FARSI  x 

.02332 

PART 

X 

o02302 

FARO  x 

• 02302 

MV 

* 1 

736". 2 

HV7  x 

0.  0 

cv 

» 1 

•oocoo 

V9  x 

1265.76 

PN/WA 

X 

40.853 

THG9  x 

43.583 

ETAP 

* 1 

• 03030 

ctathmx  : 

L.03CD0 

SPCU 

* 2 

.02747 

fG  X 

27.  r 

Ml 

* 

123.92 

H2 

123.92 

H21 

a 

123.92 

H22 

s 

123.92 

H3 

a 

169.46 

H4 

s 

564.92 

F AP4 

a 

.02332 

a 

564.92 

H5 

a 

500.86 

nPT 

a 

0. 00000 

M51 

'a 

500.86 

ME5 

a 

500. 86 

OPE 

a 

O.OPOOO 

H56 

* 

500.66 

H6 

a 

500.86 

H7 

a 

50C. 66 

M» 

a 

500.86 

MS9 

a 

467,83 

H24 

a 

0.00 

H26 

a 

0*00 

H27 

a 

0.00 

H28 

a 

0.00 

HS29 

a 

0.  00 

FAR56 

a 

.32302 

FAR27 

a 

0. 30000 

HV27 

a 

0.0 

V29 

a 

0.00 

THG29 

a 

o.noo 

ETAO 

a ' 

1. 0000c 

FN 

a 

27.1 

35 
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A* 

*>  TUR80CHAR6ER  CRAJAY  370  E)  ENGINE  WITH  COMP  MAP  A/8 


HPEXT 

x 

0.00 

LCSL 

s 

0.00000 

MC5L 

s 

0.03000 

PC BLOW* 

r.coroo 

PCBL09* 

3.C1009 

OCSLNZ* 

e. ooooo 

PC41C 

s 

o.oocoo 

PC9LT'** 

0.00003 

PC9LHPs 

3.00000 

PROA 

s 

2.800 

9PP 

X 

0.000 

MAENG 

X 

.66 

PR  FT 

X 

1.000C 

ETAFT 

s 

l.ocooo 

HA24 

- 

0.090 

PRFH 

X 

1.0000 

ETA*H 

s 

1.0CC0Q 

WA21 

x 

.663 

PRLP 

z 

1.0CP0 

ETAL° 

s 

1.03000 

W A22 

X 

• 663 

PRC 

X 

2.8000 

ETAC 

X 

.68003 

W A3 

X 

• 663 

OPD 

X 

o.ooeoG 

OPPH 

s 

9.00000 

9 PC 

s 

0.00000 

PRESSURES  IN  ATMOSPHER- 

IS 

• 

PI 

* 

1.000 

T 1 

» 

518.67 

HI 

9 

123.92 

P2 

* 

1.000 

T 2 

X 

519.67 

H2 

X 

123.92 

P21H 

X 

l.roo 

T21 

X 

518.67 

H 21 

X 

123.92 

P21L 

X 

1.C00 

P22L 

x 

1.CO0 

T22 

X 

518.67 

H22 

X 

123.92 

P22 

X 

1.000 

P3 

X 

2.80  0 

T 3 

X 

790.77 

H3 

X 

189.46 

*4 

X 

2.660 

T4 

s 

2160. CP 

H4 

x 

564.92 

OPR 

X 

.0*00 

ETA1 

s 

.99019 

FAR4 

x 

. 02332 

P41 

2.660 

T41 

— 

2159.99 

M41 

X 

564.92 

P5 

X 

1.290 

T5 

X 

1938.74 

H5 

s 

500.86 

PRTH 

X 

2.0615 

etath 

•** 

.65000 

OPT 

•x 

0.C300H 

P51 

X 

1.290 

T51 

s 

1938.74 

M51 

X 

500.96 

P55 

X 

1.290 

T55 

3 

1938.74 

H55 

X 

503.86 

PRTL 

X 

.9098 

ETATL 

X 

l.OOOOn 

9 PE 

s 

0.00300 

P56 

X 

1.290 

T 56 

s 

1938.74 

H56 

X - 

530.96 

P6 

X 

1.290 

T6 

a 

1939.74 

M6 

s 

530.86 

P7 

X 

1.225 

T7 

s 

3960.00 

H7 

X 

1187.83 

« « 

A/B  * * 

ETABAB* 

.90039 

GP0A8 

s 

.95000 

P8 

X 

1.226 

T 8 

X 

3960.01 

H6 

X 

1187.83 

W 

X 

1695.05 

TS9 

X 

3’99.^0 

MS9 

3 

1133. 11 

P24 

C.000 

T24 

X 

0.  CO 

H24 

X 

0.00 

P28 

X 

O.COO 

T26 

9 

0.00 

H26 

X 

0.00 

P27 

X 

0.000 

T27 

9 

0.00 

H27 

X 

0.00 

P20 

X 

0.000 

T28 

9 

0.0  0. 

H28 

X 

(3.00 

¥29 

X 

0.00 

TS29 

X 

0.00 

MS29 

X 

0.00 

FAR41 

* 

.02302 

FAR51 

X 

.0230  2 

FAP56 

X 

.02352 

PAR7 

X 

•06722 

FAR  8 

X 

.06722 

FAR27 

X 

0.00000 

MV 

X 

17360.2 

HV7 

X 

15818. 2 

HV27 

X 

0.0 

ev 

■ 

1.00000 

V 9 

9 

1655.35 

V29 

X 

0.  00 

FN/WA 

X 

54. 898 

thgp 

9 

54.998 

THG29 

X 

0. 300 

ETAP 

X 

1.00300 

ETATHMa 

1.00009 

ETAO 

X 

1. 09009 

srcu 

X 

4.43785 

FG 

m 

36.4 

FN 

X 

36.4 

36 
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TURBOCHARGER  ( AIRESEARCH  T18A  E)  ENGINE 

BASE  POINT 


HPFXT 

* 0.0  0 

LCSL 

S 

0.00090 

HCSL  - 0.00000 

PC BLOW 

1*  0.000 0 0 

PC9U09 

TS 

9.00CP3 

oC9LM7=  O.OQOOC 

pc  etc 

* C.0CP00 

PC9LT4 

s 

3.9PP03 

»CBLHP=  0.00003 

PROA 

* 4,000 

BPR 

s 

0.000 

WAENG  = 1.39 

•RET 

* 1.0000 

ETAFT 

1.00000 

WA24  » 0.300 

PRFH 

« i • o r o 3 

ETAPH 

s 

1,0000'' 

WA21  = 1.389 

PRIP 

* 1.0000 

ETAUP 

r 

1.09000 

WA22  a 1.389 

PRC 

s u.ocoo 

ETAC 

r 

.65  OC  P 

WA3  a 1.389 

OPO 

* 0.00000 

9PFH 

s 

0.00000 

OPC  « 0.00000 

PRESSURES  IN  ATMOSPHERE 
PI  * l.OOO  T 1 

s 

518,67 

HI  a 123.92 

P2 

* i.roa 

T2 

*» 

918.67 

M2  a 123.92 

P21H 

= 1.000 

T21 

518.67 

K 21  = 123.92 

P2IL 

P22L 

* 1.003 

* 1.000 

T 22 

• 

518.67 

H22  a 123.92 

P22 

P3 

= 1.000 
* 4,000 

T3 

3 

903.38 

H3  a 217.09 

PA 

* 3.800 

T 4 

3 

2160.00 

H4  a 563.75 

OPB 

* .0500 

ETA3 

5 

.90000 

FAR4  a .1)2126 

PA1 

* 3.800 

T 41 

3 

2199*99 

H4t  = 561.75 

P5 

* 1.418 

T5 

3 

1543,53 

M5  s 472,61 

PRTH 

* 2.6796 

ETATH 

3 

,73000 

OPT  a 0.9Q00C 

P51 

* 1.418 

T51 

3 

1943. C3 

M51  * 472,61 

P55 

* 1.418 

T55 

3 

1941.0  3 

W55.  * 472 » 61 

PRTt 

* .9998 

ETATE 

3 

1.03000 

OPE  = 3.00003 

P56 

* 1.418 

T56 

3 

1943.01 

H56  a 472.61 

P6 

* 1.418 

T6 

a . 

1843,03 

M6  a 472*61 

P7 

* 1.418 

T7 

«* 

1843.03 

H7  a 472.61 

PS 

* 1.A1S 

T 8 

s 

1841.:? 

H8  * 472.61 

V9 

* 1457.97 

TS9 

s 

1.692.01 

HS9  * 430.14 

P2A 

« 0.000 

T24 

3 

0.00 

H24  a 0.00 

P2S 

• 0.000 

T26 

a 

0.00 

H26  » 3.00 

P27 

9 o.oco 

T27 

a 

0,00 

H27  * 0.00 

P28 

9 0.000 

T28 

a 

o.oc 

H28  a 0,03 

¥29 

a 0.00 

TS29 

a 

o.co 

HS29  a 0.00 

PARA  1 

* .«2126 

FAR51 

a 

• 9212  6 

FAP56  a .02126 

PART 

* .02126 

FAR? 

a 

.02126 

F AP 27  * 0.03G90 

HV 

■ 17360.2 

HV7 

a 

0.  9 

HV27  * 0.0 

CV 

« 1.09000 

V9 

a 

1457.9 ✓ 

V29  » 0.00 

FN/NA 

■ 46.279 

THG9 

a 

46.279 

THG29  * 9,00? 

CTAP 

» 1.39000 

ETATH Ha 

1.00000 

ETAO  * 1.03303 

SFCU 

■ 1.65198 

*G 

a 

64.3 

FN  a 64.3 

,**■***#16 HMPH 
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TURBOCHARGER  < AIRESEARCH  Y18A  El 


ENGINE  WITH  COMP  MAP 


HP  EXT 

3 

0.  CO 

test 

0.00083 

HCSL 

a C. 00008 

PCBLOW= 

o.ooooe 

PC9L09 

a 

0.CG00? 

PC9UNZ 

= 0.00000 

PC8LC 

3 

0.08*00 

PC9LT4 

s 

Q.S0G3-3 

PCPLHP 

= u • 0 3 ? 0 0 

PROA 

* 

3.310 

8 PR 

a 

0.000 

WAENG 

= 1.25 

PR  FT 

3 

1.0000 

ETAeT 

s 

1. 00C0P 

WA24 

a 9.009 

PRFH 

3 

1.0000 

eta^h 

X 

1.00009 

WA21 

= 1.250 

PRLP 

3 

1.QC00 

ETALP 

X 

1. 03030 

WA22 

a 1.253 

PRC 

3 

3.3103 

ETA'T 

X 

• 720C  3 

WAT 

1.250 

0P0 

X 

0.00000 

OPFH 

X 

0.00003 

9 PC 

= 0.00000 

PRESSURES  IN  ATMOSPHERES 

= 123.92 

Pi 

3 

1.800 

T 1 

a 

518.67 

HI 

P2 

X 

l.roo 

T2 

s 

518.67 

M2 

= 123.92 

P21H 

3 

1.000 

T 21 

= 

515.67 

H21 

* 123.92 

P21L 

C 

1.800 

= 123.92 

P22L 

3 

1.000 

T 22 

s 

518.67 

M22 

P22 

3 

1.00C 

a 194.53 

P3 

X 

3.  310 

T 3 

it 

511.59 

W? 

P4 

3 

3.145 

T4 

« 

2160.00 

MU 

* 564.71 

OPB 

X 

.0500 

FTA9 

s 

• 9000  0 

FAR4 

a .02270 

P41 

X 

3.145 

T41 

s 

2159.99 

W4i 

* 564.71 

P5  . 

» 

1.524 

T? 

mm 

1921.25 

M5 

a 495.66 

PRTH 

3 

2.0625 

ETATH 

s 

.73000 

DPT 

a 0 1 0 0 C 0 0 

P5i 

3 

1.524 

T51 

s 

1921.25 

M^l 

a 495.66 

P55 

3 

1.525 

T35 

s 

1921.25 

H55 

a 495.66 

PRTL 

3 

.9595 

etatl 

s 

1.00030 

rtPE 

a o. 00000 

P56 

3 

1.525 

T56 

a 

1921.25 

H56 

a 495.66 

P6 

3 

1.525 

T 6 

s 

1921.25 

H6 

a 495.66 

P7 

V 

1.  5 25 

T7 

s 

1921.25 

M7 

a 495.66 

PO 

3 

1.525 

T 8 

1921.25 

M8 

a 495.66 

VS 

3 

1629.07 

TS9 

3 

1734.33 

HS9 

a 442.65 

P24 

9 

0.000 

T 24 

3 

9.00 

H24 

a 0. 00 

P26 

X 

0.000 

T26 

3 

0.00 

H26 

a 0. 09 

P27 

m 

0.800 

T2* 

3 

0.00 

H27 

a 0. 00 

P2fi 

9 

0.000 

T28 

3 

0.00 

H28 

a 0.03 

V29 

m 

0.00 

TS29 

a 

0.00 

HS29 

a 0.  00 

FARM 

3 

.02270 

FAR51 

3 

.0227.1 

FAP56 

a .02270 

FAR7 

X 

.02270 

FAR5 

3 

• C2270 

FAR27 

■ o.coooo 

MV 

3 

17360.2 

HV7 

3 

0.  0 

HV27 

a 0.0 

C# 

3 

l.UOCOO 

V9 

a 

1629.07 

V29 

a 0. 00 

FM/WA 

3 

51.783 

THG9 

X 

51.753 

THG29 

a 0.000 

FTAP 

3 

1.00000 

ETATH Ms 

1.50000 

ETAO 

a 1.03 000 

VCU 

3 

1.57816 

FG 

8 

64.7 

FN 

a 64.7 

f> awn*  w*  4*R  MHMPM I?* W W* wmf  ? 
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TURBOCHARGER  iAIRESEARCH  T18A  E)  ENGINE  WITH  COMP  MAP 


HPEXT 

s 

0.00 

test 

— 

0.03000 

HCSl 

s 0.00000 

PC  9 LOW = 

i.ooooc 

PC9L95= 

0.C3091 

PCBLN7 

:«  o.cojoo 

pc  etc 

s 

C.  000 0 0 

PC9LT4= 

o. cocao 

°C9LHF 

>a  3.  03C00 

PROA 

s 

A, 000 

9 PR 

8 

0.000 

WAENG 

* 1. 39 

PR  FT 

s 

i.oroo 

ETAFT 

• 

1.03000 

W 124 

a 0 . C 3 G 

PRFH 

s 

la  30  0 0 

ETAFH 

X 

1.00030 

WA21 

= 1.389 

PRLP 

sr 

1*0000 

ETAtP 

% 

l.OCOCO 

W ^2  2 

= 1.389 

PRC 

s 

4,0000 

ETAC 

X 

. 667C  0 

WA3 

= 1.389 

DPO 

**» 

CaOOCOO 

OPFH 

8 

0.00303 

9PC 

» 0.03300 

PRESSUPCS  IN  ATMOSPHERE? 

PI 

X 

l.roo 

T 1 

8 

518.67 

Ml 

a 123.92 

*2 

8 

1.CQ0 

T 2 

8 

518.67 

H2 

a 123.9? 

P21M 

8 

l.roo 

T 21 

8 

518.67 

H 21 

- 123.92 

P21L 

8 

la  000 

P22t 

8 

1*000 

T 22 

s 

318.67 

H22 

* 123.92 

P22 

X 

l.^OO 

P3 

S 

4.000 

T 3 

*»» 

993.73 

H3 

* 214.62 

P4 

8 

3.80Q 

T 4 

s 

2160. CO 

144 

a 563.85 

0P9 

X 

.0500 

ETAT 

.93000 

PAR4 

a . 32141 

PM 

S 

3.300 

T 41 

8 

2159.99 

H41 

a 563.85 

P5 

8 

1.459 

T5 

a 

1*51.34 

H5 

a 475.04 

PRTH 

X 

2.6044 

ETATH 

.70*03 

OPT 

* :.ooco3 

P51 

X 

1.459 

T51 

8 

1861.34 

M61 

a 475.04 

P55 

X 

1.459 

T55 

8 

1851.33  . 

H55 

a 475.04 

PRTt 

ac 

.9993 

etatl 

8 

i.CCOO'* 

OPri 

= 0. 0Dn30 

PB6 

8 

1.459 

T 56 

8 

1851.36 

M56 

a 475.04 

P6 

•38 

1.459 

T 6 . 

8 

1351.35 

H6 

a 475.04 

P7 

8 

1.459 

T7 

8 

1351.36 

H? 

a 475.04 

P« 

8 

1.459 

T 3 

= 

1951.35 

H 8 

= 475. 04 

V9 

8 

1517 .05 

TS9 

S 

1687.94 

HS9 

* 429.07 

P2*» 

8 

0.C0Q 

T 24 

0.00 

H24 

a 3.00 

P2ft 

8 

o.rco 

T 26 

8 

0.0" 

H 26 

a 3.00 

P27 

8 

C.000 

T 27 

8 

0.00 

M27 

a 0.00 

P28 

8 

0.000 

T28 

« 

0.00 

H28 

a 0.00 

V29 

* 

0.00 

TS29 

8 

0.00 

HS29 

a 0,00 

FARM 

8 

•02141 

FAR51 

r 

.02141 

FAP66 

* .32141 

FAR7 

8 

.CZ141 

FAR3 

s 

.02141 

FAP27 

a 0.00003 

MV 

8 

17360.2 

HV7 

8 

0.3 

MV27 

* 0,0 

cv 

8 

1.S0QQ0 

V 9 

3 

1517.05 

V29 

a 0.  60 

wn/  wa 

8 

43.161 

THG9 

S 

48. 161 

THG29 

a 0.000 

ETAP 

8 

1*01900 

ET  ATM  Ms 

1.03300 

ETAO 

a 1.30060 

SFCU 

8 

1.60069 

8 

66*  9 

FN 

a 66.9 

39 
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TURBOCHARGER  (AIRESEARCH  TlbA  £)  ENGINE  WITH  COMP  MAP  A/0 


h©ext' 

S 

9.  99 

ICSL 

X 

D.<’99',9 

MCSl 

X 

0.060C0 

PCBL0W= 

0*09009 

PCBL09 

1 X 

9.00000 

PCBLNZ 

X 

0. 00030 

pc  etc 

x 

0*00009 

PCBL  T** 

.s 

0.D0PC9 

PCSLHP 

r 

0. 90000 

PROA 

s 

3*319 

BPR 

X 

0.003 

WAENG 

X 

1*25 

PRFT 

— 

1.0000 

ETAPT 

X 

1.03000 

WA24 

S 

3.030 

®RFH 

X 

1*0000 

El  APH 

X 

1.93C0C 

WA?1 

X 

1.253 

PRLP 

x 

1*0000 

etal° 

X 

l.COpnO 

WA22 

X 

io  250 

PRO 

s 

3.3100 

ETAS 

X 

» 7209  P 

W AS 

X 

1,250 

0P0 

ir 

0*00000 

QPFH 

X 

3.00900 

O PC 

Ml 

0.03000 

PRESSURES  IN  ATMOSPHERE 
PI  * liw'OO  Ti 

s 

X 

518.67 

HI 

X 

123.92 

P2 

x 

1.000 

T2 

s 

513.67 

H2 

* 

123.92 

P21H 

X 

1,000 

T21 

s 

513.67 

H21 

a 

123.92 

P21L 

P22L 

1.P90 

1.000 

T22 

S 

516.67 

M22 

S5 

123.92 

P22 

P3 

1.000 

3.310 

T 3 

811.59 

«3 

194.53 

P4 

* 

3.145 

T 4 

s 

2160.09 

H4 

x 

564.71 

OPS 

S£ 

.0*00 

ETAS 

s 

« 9 * 00  9 

FAR4 

X 

.02270 

P41 

3? 

3.145 

T 41 

s 

2159.99 

u41 

X 

564.71 

PS 

S 

1,  524 

T5 

X 

1921.25 

H5 

X 

495*66 

PRTH 

x 

2.0628 

ETATH 

X 

.73090 

OPT 

•» 

0. 00300 

PS1 

s 

1.524 

T51 

X 

1921.25 

M51 

X 

495.66 

P55 

X 

1.525 

T6P 

X 

1921.25 

H55 

* 

495.66 

PRTL 

s 

.0Q95 

etatl 

X 
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X 
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X 
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495.66 

P6 

s 
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T6 

X 
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M6 

X 

495.66 

vr 

s 
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T7 

3 
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H7 

X 
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A/B  * * 
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i x 

• 9 ? 'J  9 0 
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s 
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P8 

X 
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T0 

s 
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H 8 

* 
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VS 

X 
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s 
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X 
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P24 
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T 24 

s 
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X 
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X 
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X 

n.oo 
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55 
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X 
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s 
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X 
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X 
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s 
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X 
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X 
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X 
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X 
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X 
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X 
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X 
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X 
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X 
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MV 

X 
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X 
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X 
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CV 
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* 
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MPEXT 

?T 
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X 
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«•» 
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X 
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X 
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X 
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V9 
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